Background: Diabetes Mellitus is a wide-ranging metabolic disorder, which constitutes a most important physical condition dilemma in the world. Hypomagnesaemia accelerates the rate of diabetic complications. Objective: To analyze the association of serum magnesium (Mg) in Type 2 Diabetes Mellitus with and without complication of peripheral neuropathy. Design: A cross sectional study. Setting: This research was carried out in medicine department, Peoples Medical College Hospital Nawabshah from May 2016-April 2017. Sample Size: Total 271 patients of both genders with Type 2 DM with and without peripheral neuropathy, each group after fulfilling the selection criteria were included. Material and Methods: After a short-lived consultation, the subjects were categorized for variable analyses like sex, age, Type 2 Diabetes Mellitus with and without peripheral neuropathy, duration of diabetes mellitus and presence of hypomagnesaemia. Clinical examination with monofilament was applied for diagnosis of peripheral neuropathy. Blood samples for magnesium analysis were collected in fasting condition. Results: In 271 diagnosed patients of Type 2 diabetes mellitus, 180 male and 91 were females. Peripheral neuropathy was observed in 136 subjects out of them 94 males and 42 were females. While 135 were without peripheral neuropathy out of them 86 males and 49 were females. Normal magnesium was seen in 119 (43.91%) and low magnesium was present in 152 (56.09%) patients overall. A decreased serum level of magnesium was observed in 56.09% diabetic subjects with peripheral neuropathy and 50% subjects with diabetes without peripheral neuropathy. Conclusion: Frequency of hypomagnesaemia is common in subjects with in Type 2 DM with and without peripheral neuropathy.
Introduction
Diabetes mellitus is the progressively significant cause of morbidity and mortality throughout the globe [1] . In 2014 about 422 million individuals were suffering from diabetes mellitus throughout world and it is estimated that this count will touch to 642 million by the end of 2035 [2] . Micro and macro vascular complications are seen in subjects suffering from Diabetes, especially in T2DM [1] .
In 2010 the number of diabetic sufferers was about 285 millions in the world, and it is estimated that by 2030 this will reach to 438 millions [3] . About 1.1 million diabetic patients died in 2005, and WHO (World Health Organization) had estimated that this figure will be doubled between 2005 and 2030 [4] . A cross survey conducted in rural and urban areas of Pakistan showed 19% prevalence of diabetes mellitus [5] . Diabetes Mellitus (T2DM) is the most common type and about 90% to 95% diabetic subjects are from Type 2 DM [6] . Magnesium is a cation and is found abundantly, it is the second richest cation found intracellularly in the body [7] .
In primary care clinics, peripheral neuropathy is found commonly. Peripheral neuropathy secondary to diabetes mellitus can be identified on examination by light touch and vibration test.
Sensory peripheral neuropathy is the dominant type and depends upon the duration of diabetes. Clinically it may be from mild, moderate to severe and initially there is no notable functional impairment [8] . In general population, peripheral neuropathy is noted with a rate of 2.4%, it increases up to 8% in older population [9] [10] . Subjects with diabetes mellitus, Human Immunodeficiency Virus (HIV) infection, dysproteinemic ailments and those on chemotherapy are more vulnerable to develop peripheral neuropathy. In diabetic subjects the peripheral neuropathy (sensorimotor) is duration dependent and is found in 8% of subjects at diagnosis [11] [12] , this increases with disease duration from 30% to 66%, this depends how neuropathy is defined either clinically or by electrophysiologic criteria [13] [14] .
Arpaci D et al. observed that hypomagnesemia is a frequent finding in subjects with diabetes. Hypomagnesemia promotes the risk and progress of complications due to diabetes. They found low levels of serum Magesium in 14.1% subjects who were suffering from neuropathy due to diabetes [15] .
Diabetes is a common metabolic syndrome, early recognization and prevention of hypomagnesemia may be helpful for treatment and control of diabetes.
The outcome in terms of morbidity and mortality of diabetes related complications may be affected by giving additional supplements of magnesium in food or as drug therapy. Our main objective was to validate the association of serum 
Material and Methods

Design of Study
This is a prospective, case controlled, comparative and analytical study. Duration of study 01-years from May 2016-April 2017. Place of study Department of Medicine, Peoples Medical College Hospital Nawabshah (PMCH) Nawabshah.
Operational Definition
Diagnosis of Hypomagnesaemia [16]
Cutoff values for serum Magnesium levels • Normal plasma Magnesium: 1.5 -2.5 mEq/L.
• Hypomagnesaemia: <1.5 mEq/L.
• Hypremagnesaemia: >2.5 mEq/L. 
Diagnosis of DM
Diagnosis of Diabetic Peripheral Neuropathy
Medical history, physical examination and neurological evaluation were used for diagnoses of peripheral neuropathy in T2DM subjects.
Diabetic Peripheral (Sensory) Neuropathy [18]
Definitions:
Possible Diabetic Sensory Peripheral Neuropathy (DSPN).
Presence of diminished sensation, numbness, pain (burning, prickling, stabbing or aching) of toes, feet or legs. Decreased peripheral sensation and decreased or absent ankle reflexes.
Probable Diabetic Sensory Peripheral Neuropathy (DSPN).
Presence of two or more features such as neuropathic symptoms (diminished sensation, numbness, pain), decreased peripheral sensation and decreased or absent ankle reflexes. 
Data Collection
Results
There were 271 diabetic subjects, out of them 139 were with peripheral neuropathy while 132 were without peripheral neuropathy ( Figure 1 ).
Quantitative Variable Analyses
The mean age of study subjects was 56.91 with standard deviation of 6.17 years; and maximum 120 mmHg (P < 0.001). The mean HbA1c level was 9.61 % with standard deviation (SD) 1.62, minimum 6.50% and maximum 13.00% (P < 0.001). Most of the diabetic patients were with duration of 5 -10 years, while in BMI over weight population was dominant. Significant statistical values are shown in Table 1 .
Demographic Qualitative Variable Analyses
The study population consisted of 178 (65.7%) male and 93 (34.3%) were female subjects. Regarding the socio-demographic profile 94.8% were married and 5.2%
were unmarried. A large number 76.4% were from rural areas and 23.6% belonged to urban community. Majority of subjects with hypomagnesaemia were illiterate. In current study majority of subjects were manual workers 32.8%, most of females 25.8% were house wives, 25.5% did not satisfy any occupation and 15.9% were office workers. As for socio economic status of subjects concerned (Figure 3 ).
Diabetes Neuropathy & Magnesium Statistical Analyses
Diabetic peripheral neuropathy was observed in 58 (49.2%) subjects with normomagnesemia and in 81 (52.9%) subjects with hypomagnesemia (Table 2 ).
Low serum magnesium was seen in total 153 (56.45%) subjects with T2DM.
Peripheral neuropathy was observed in 139 subjects out of them 58 (41.72%)
were with normal magnesium. While 81 (58.28%) were with low magnesium, 132 subjects were without peripheral neuropathy 60 (45.45%) were with normal magnesium level while 72 (54.55%) were with low serum magnesium levels.
Normal (Table 2 ).
In current study statistically significant correlation was found between different variables. There was statistically significant correlation of diabetic neuropathy with duration of diabetes mellitus and HBA1c levels. The correlation of duration of diabetes was also statistically significant with systolic and diastolic blood pressures. The correlation of compliance for diabetic dugs was significant with FBS.
No significant relation of diabetic neuropathy with drugs, compliance, FBs, RBS, SBP, DBP, BMI and other variables of study (Table 3 ).
Discussion
Type 2 DM a universal disease of metabolism, it is dilemma of this era especially in Asian region as declared by WHO challenge for the future. More than half of diabetic population belongs to Asian countries India on the top of list.
Current study noted different basic characteristics of subjects in relation to diabetes with and without complications of peripheral neuropathy and its correlations with level of magnesium in serum. International studies are there on this issue but our setup still lacking. We had done a cross-sectional single centre study in our local population to compare the other available data with our setup and check the burden of disease and problem in our society. This will prove helpful for others to research more on this issue. Here we had assessed the association of hypomagnesaemia in T2DM with and without peripheral neuropathy.
Hypomagnesaemia is common in diabetes mellitus; lot of studies in different complications of diabetes had shown that it was significantly lower in diabetics. Low income class, no or lower education profile especially health education, unemployment, no occupation, house wives, or labor category (only 15.9% n = 271 were office workers) and others, these factors contribute to deficiency of magnesium in nutrition and ultimately hypomagnesaemia and this could be the reason for speedy rise in diabetes and peripheral neuropathy. Hypomagnesemia can lead potentially serious complications as ventricular arrhythmias, coronary artery vasospasm, and sudden cardiac death. Magnesium has well recognized importance, high and low levels can be found in patients [19] . Magnesium was also called as forgotten cation [20] [21] .
Magnesium is the second most common cation found in the cell and is the fourth common divalent cation in the body and is element of interest for researches. It is present in three compartments of body, major portion about 65% is present in bones, 34% inside cells and 1% of magnesium is extracellular. Magnesium plays a central role in many metabolic reactions, such as DNA and protein synthesis, hormone receptor binding and neurotransmission. Magnesium is constituent of GTP-ase. It acts as cofactor for Na+/K+ ATP-ase, Adenylate Cyclase and Phospho-fructokinase. It plays an essential role in a lot of biochemical reactions in body and also important for carbohydrate metabolism and effects the activity and release of insulin [22] [23] [24] . Subjects with type 2 diabetes mellitus are more prone to develop hypomagnesaemia as compared with non diabetic subjects. Clinicians are still giving less importance to the association between hypomagnesaemia and chronic complications of diabetes.
Current research evaluates magnesium metabolism, frequency of low magnesium and complications (especially peripheral neuropathy) associated with diabetes mellitus.
Present study had found hypomagnesaemia in total 56.45% subjects with T2DM these findings are nearby other available studies.
Prevalence of hypomagnesaemia among type 2 diabetes mellitus ranges from 13.5% to 47.7% respectively. Many factors contribute in this such as, insufficient intake, autonomic dysfunction, and alteration in metabolism of insulin, glomerular hyper-infiltration, osmotic diuresis, metabolic acidosis and decreased levels of serum potassium levels. Unsatisfactory glycemic control, CAD (coronary artery disease), hypertension, diabetic peripheral neuropathy, nephropathy, retinopathy and foot ulcers are linked with hypomagnesaemia. Increasing prevalence of low magnesium in type 2 diabetic patients is thought to be multifactorial [25] .
Findings of current study regarding serum magnesium level concluded that hypomagnesaemia was present in both groups of diabetes mellitus but the frequency was more in diabetics with peripheral neuropathy as compared in subjects without peripheral neuropathy. Another risk agent for hypomagnesaemia is the intestinal malabsorption for Mg 2+ which is observed in diabetic neuropathy during episodes of diarrhea. Insulin resistance index is improved and HBA1c is decreased in diabetic subjects when they are given magnesium chloride (MgCl 2 ) [26] . Findings of current study concluded that there were high levels of HBA1C in diabetic subjects. The mean HBA1C levels in present study were 9.61%.
Increased intake of magnesium reduces the risk of complications related with type 2 DM [27] .
Present study favors that statement because there were low levels of magnesium in diabetic complication of neuropathy. This need further support by giving additional supplements of magnesium.
It is important to monitor Mg levels regularly in Type 2 diabetic subjects as hypomagnesaemia is related to poor glycemic control and thus lead to higher occurrence of diabetes related complications such as peripheral neuropathy, nephropathy, retinopathy and foot ulcerations. More studies are required in T2DM subjects on the part of magnesium supplements in our communities [28] .
Different studies conducted previously on relation of diabetes and its different complication shown that there was strong association of hypomagnesaemia and diabetic foot ulcers. Diabetic peripheral neuropathy is also a strong risk factor for development of foot ulcers as concluded in past research. Ashok et al found hypomagnesaemia in 57% of patients with different grades of foot ulcers [29] , while AA Jamali et al. found 60.9% of foot ulcer patients [30] .
Neuropathy was observed in 71.42% patients with low magnesium levels as compared to 28.42% patients with normal magnesium levels. Researches had proved that in subjects with diabetic peripheral neuropathy, intracellular magnesium levels are decreased [31] and there is improvement in the nerve conduction in these subjects after magnesium supplements [32] .
Jamali AA et al. found that frequency of hypomagnesaemia is common in T2DM with and without hypertension. A decreased serum level of magnesium was observed in 52.04% hypertensive subjects with diabetes and 50% non-hypertensive subjects with diabetes [33] .
In current research we had found Low serum magnesium in total 153 (56.45%) subjects with T2DM. Peripheral neuropathy was observed in 139 subjects out of them 58 (41.72%) were with normal magnesium. While 81 (58.28%) were with low magnesium, 132 subjects were without peripheral neuropathy 60 (45.45%) were with normal magnesium level while 72 (54.55%) were with low serum magnesium levels. In present research there was strong correlation of peripheral neuropathy and drugs and HbA1C levels.
Low serum magnesium in subjects with peripheral diabetic neuropathy could be free interpreter of disease progress. Constant low levels of magnesium lead to higher serum sugar levels. Extent of magnesium reduction and insulin resistance associates positively with development and worsening of peripheral neuropathy and hyperglycemia may lead to development of different other complications thus increasing mortality and morbidity. Outcomes of current research can help to treat hypomagnesaemia and arrest progress of neuropathy. In current study low magnesium levels are observed in T2DM subjects with and without peripheral neuropathy.
Strengths and Limitations
This was a small sample size study, in a local area, with bias but this study was an important opening of research on magnesium and its effects in diabetes with different complications in our setup. No study was conducted yet on magnesium in diabetes with and without neuropathy in our setup; this study will guide the impact of magnesium on diabetes and to prevent the complication like neuropathy by giving magnesium as drug or in food supplements.
Recommendations
A multicenter research shall be carried out to observe the magnesium effects on diabetes with and without complications of peripheral neuropathy. All patients with diabetes should be investigated for serum magnesium level, if deficient should be corrected on priority basis. Hypomagnesaemia should be corrected on priority basis because studies shown that it affects the prognosis and outcome of diabetes.
Conclusion
The occurrence of hypomagnesaemia was increased in Type 2 diabetes mellitus in subjects suffering from peripheral neuropathy. Patients with diabetic neuropathy had considerable decreased serum values of magnesium. This recommends that intermittent screening of serum magnesium levels in diabetic subjects can be helpful in early detection and this suggests that periodic monitoring of Mg levels in diabetic patients may be helpful in early recognition and better-quality management of diabetic neuropathy.
